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RESPONSE GENERATION METHOD,
RESPONSE GENERATION APPARATUS, AND
RESPONSE GENERATION PROGRAM

INCORPORAITION BY REFERENCE

This application 1s based upon and claims the benefit of
priority from Japanese patent application No. 2014-168762,

filed on Aug. 21, 2014, the disclosure of which 1s incorpo-
rated herein 1n 1ts entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a response generation
apparatus, a response generation method, and a response
generation program capable of giving a response to a user.

2. Description of Related Art

A response generation apparatus including: voice recog-
nition means for recognizing a voice of a user; structure
analysis means for analyzing a structure of the voice rec-
ognized by the voice recognition means; and response
output means for generating a response sentence 1n response
to the voice of the user based on the voice structure analyzed
by the structure analysis means and outputting the generated
response sentence has been known (e.g., Japanese Unexam-

ined Patent Application Publication No. 2010-157081).

SUMMARY OF THE INVENTION

However, the present inventors have found a problem that
the above-described response generation apparatus requires
time for performing the voice structure analysis and the
response sentence generation, thus causing a response wait.
This causes a possibility that a user may feel that something
1S wrong 1n a conversation.

SUMMARY OF THE INVENTION

The present invention has been made to solve the above-
described problem and a main object thereof 1s to provide a
response generation method, a response generation appara-
tus, and a response generation program capable of alleviat-
ing the user’s feeling that something 1s wrong in a conver-
sation caused by a response wait.

To achieve the above-described object, a first exemplary
aspect ol the present mnvention 1s a response generation
method including: a step of recognizing a voice of a user; a
step ol analyzing a structure of the recognized voice; and a
step of generating a free response sentence in response to the
voice of the user based on the analyzed voice structure and
outputting the generated free response sentence, in which
the response generation method further includes: a step of
generating the recognized voice of the user as a repeat
response sentence; and a step of outputting the generated
repeat response sentence belore outputting the free response
sentence based on the voice structure.

In this aspect, the response generation method may fur-
ther include: a stet of analyzing a phoneme of the voice of
the user; and a step of generating a responsive response in
response to the voice of the user based on an analysis result
of the phoneme, and the generated responsive response may
be output before the generated repeat response sentence 1s
output.

In this aspect, a plurality of response candidates for
responding to the voice of the user may be generated based
on the analyzed voice structure, among the plurality of
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generated response candidates, a response candidate that 1s
identical to the generated repeat response sentence or the
generated responsive response may be excluded, and a
response candidate selected from among the response can-
didates, for which the exclusion has been performed, may be
used as the free response sentence.

In this aspect, the repeat response sentence may be
generated by extracting a keyword and its part of speech
from the recognized voice of the user, selecting, based on
additional information about correspondences among a plu-
rality of keywords, their respective parts of speech and their
respective additional word endings, the additional word
ending corresponding to the extracted keyword and 1ts part
of speech, and adding the selected additional word ending to
the extracted keyword.

To achieve the above-described object, another exemplary
aspect of the present invention 1s a response generation
apparatus mcluding: voice recognition means for recogniz-
Ing a voice ol a user; structure analysis means for analyzing
a structure of the voice recognized by the voice recognition
means; and response output means for generating a free
response sentence 1n response to the voice of the user based
on the voice structure analyzed by the structure analysis
means and outputting the generated free response sentence,
in which the response generation apparatus further includes
repetition generation means for generating the voice of the
user recognized by the voice recognition means as a repeat
response sentence, and the response output means outputs
the repeat response sentence generated by the repetition
generation means before outputting the free response sen-
tence based on the voice structure.

To achieve the above-described object, another exemplary
aspect of the present invention 1s a response generation
program for causing a computer to execute: a process of
recognizing a voice of a user; a process ol analyzing a
structure of the recognized voice; a process of generating a
free response sentence 1n response to the voice of the user
based on the analyzed voice structure and outputting the
generated free response sentence; a process of generating the
recognized voice of the user as a repeat response sentence;
and a process ol outputting the generated repeat response
sentence before outputting the free response sentence based
on the voice structure.

According to the present invention, it 1s possible to
provide a response generation method, a response genera-
tion apparatus, and a response generation program capable
of alleviating the user’s feeling that something 1s wrong 1n
a conversation caused by a response wait.

The above and other objects, features and advantages of
the present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llus-
tration only, and thus are not to be considered as limiting the
present 1nvention.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1s a block diagram showing a schematic system
configuration of a response generation apparatus according
to a first exemplary embodiment of the present invention;

FIG. 2 1s a flowchart showing a process tlow of a response
generation method according to the first exemplary embodi-
ment of the present invention;

FIG. 3 1s a block diagram showing a schematic system
configuration of a response generation apparatus according
to a second exemplary embodiment of the present invention;
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FIG. 4 1s a flowchart showing a process flow of a response
generation method according to the second exemplary
embodiment of the present invention; and

FIG. 5 shows an example of additional information stored
1n a memory.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

First Exemplary Embodiment

Exemplary embodiments according to the present inven-
tion are explained hereinafter with reference to the drawings.
FIG. 1 1s a block diagram showing a schematic system
configuration of a response generation apparatus according
to a first exemplary embodiment of the present invention. A
response generation apparatus 1 according to the first exem-
plary embodiment includes a voice recognition unit 2 that
recognizes a voice ol a user, a structure analysis unit 3 that
analyzes the structure of the voice, a response output unit 4
that generates a response sentence 1n response to the voice
of the user and outputs the generated response sentence, and
a repetition generation unit 5 that generates a repeat
response sentence.

Note that the response generation apparatus 1 1s com-
posed of, for example, hardware including a microcomputer
as a principal component. The microcomputer includes, for
example, a CPU (Central Processing Umt) that performs
arithmetic processing and the like, a memory composed of
a ROM (Read Only Memory) and/or a RAM (Random
Access Memory) that stores an arithmetic program, a control
program, and the like that are executed by the CPU, and an
interface unmit (I/F) through which signals are externally
input/output. The CPU, the memory, and the mterface unit
are connected to one another through a data bus and the like.

The voice recognition unit 2 1s a specific example of the
voice recognition means, and performs voice recognition
processing based on voice information of a user acquired
through a microphone 6 and generates character-string infor-
mation by converting the user’s voice mnto text. The voice
recognition unit 2 performs voice recognition by detecting a
speech section from the user’s voice mmformation output
from the microphone 6 and then performing, for example,
pattern matching for voice information in the detected
speech section by referring to a statistical language model.
Note that the statistical language model 1s, for example, a
probability model used for calculating an occurrence prob-
ability of a language expression, such as an occurrence
distribution of a word and a distribution of a word that
occurs after a certain word, and 1s obtained by learning
connection probabilities on a morpheme basis. The statisti-
cal language model 1s stored 1n advance 1n the aforemen-
tioned memory or the like. The voice recognition unit 2
outputs the recognized user’s voice information to the
structure analysis unit 3 and the repetition generation unit 5.

The structure analysis unit 3 1s a specific example of the
structure analysis means, and analyzes the voice information
recognized by the voice recognition unit 2. For example, the
structure analysis unit 3 performs a morpheme analysis or
the like for character-string information indicating user’s
voice imformation recognized by using an ordinary mor-
pheme analyzer and performs a semantic analysis for the
character-string information. The structure analysis unit 3
outputs the analysis result of the character-string informa-
tion to the response output unit 4.

The response output unit 4 1s a specific example of the
response output means, and generates a response sentence
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4

(hereinafter referred to as “Iree response sentence”) for the
user’s voice information based on the structure of the voice
information analyzed by the structure analysis unit 3 and
outputs the generated free response sentence. For example,
the response output unit 4 generates a free response sentence
for the user’s voice information based on the analysis result
of the character-string information output from the structure
analysis unit 3. Then, the response output unit 4 outputs the
generated response sentence through a speaker 7.

More specifically, {for character-string 1nformation
“tonkatsu wo taberu (to eat pork cutlet)”, the structure
analysis unit 3 extracts a predicate argument structure and
specifles a predicate “taberu (to eat)” and a case particle
“wo”. Then, the response output unit 4 extracts a type of case
particles that can be connected to the predicate “taberu (to
cat)” specified by the structure analysis unit 3 from an
isuilicient case dictionary database 8 1n which correspon-
dence relations between predicates and case particles are
memorized. Note that the msuflicient case dictionary data-
base 8 1s, for example, constructed 1n the atorementioned
memory.

The response output unit 4 generates, for example, predi-
cate argument structures “nani wo taberu (to eat what)”,
“doko de taberu (to eat where)”, “itsu mi1 taberu (to eat
when)”, and “dare to taberu (to eat with whom)” as free
response sentences. Further, the response output unit 4
randomly selects a predicate argument structure from a
group of predicate argument structures that 1s obtained by
excluding a surface case “wo” that does not match the user’s
voice from the above-described generated predicate argu-
ment structures, and uses the selected predicate argument
structure as a free response sentence. As described above,
the response output unit 4 performs a semantic analysis for
the voice information based on the structure of the voice
information analyzed by the structure analysis unit 3 and
generates a plurality of free response sentence candidates.
Then, the response output unit 4 selects an optimal candidate
from among the plurality of generated free response sen-
tences and uses the selected optimal candidate as a free
response sentence. For example, the response output unit 4
selects a predicate argument structure “dare to tabeta no?
(Whom did you eat with?)” and outputs the selected predi-
cate argument structure as a Iree response sentence.

It should be noted that the above-described voice infor-
mation structure analysis and 1ts response sentence genera-
tion require time (e.g., about three seconds) to perform and
hence its processing cost 1s high. Because of this time
interval, a response wait occurs, thus causing a possibility
that a user may feel that something 1s wrong 1n a conver-
sation.

In contrast to this, 1n the response generation apparatus 1
according to the first exemplary embodiment, the repetition
generation unit 5 generates (1.€., reproduces) the voice of the
user recognized by the voice recognition unit 2 as a repeat
response sentence. Further, the response output unit 4 out-
puts the repeat response sentence generated by the repetition
generation unit 5 before outputting the free response sen-
tence based on the voice structure.

In this way, since the repeat response sentence 1s just an
exact repetition of the recognized user’s voice, it does not
substantially require a generation time (e.g., requires about
one second) and hence 1ts processing cost 1s low. Therelore,
it 1s possible to output a repeat response sentence whose
processing cost 1s low during the response wait time before
outputting the above-described Iree response sentence
which 1s generated based on the voice structure and whose
processing cost 1s high. As a result, it 1s possible to alleviate
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the user’s feeling that something 1s wrong due to the long
interval 1n the conversation caused by the response wait.

The repetition generation unit 5 generates (1.e., repro-
duces) the voice mformation recognized by the voice rec-
ognition unit 2 as a repeat response sentence that 1s used to
perform so-called “parroting” (i.e., exact repeating of user’s
voice like a parrot). The repetition generation unit S outputs
the generated repeat response sentence to the response
output unit 4. Then, the response output unit 4 outputs the
repeat response sentence, which 1s output from the repetition
generation unit 5, through the speaker 7 before outputting
the free response sentence, which 1s generated based on the
analysis result of the character-string information output
from the structure analysis unit 3. As described above, a
plurality of response sentences whose processing costs differ
from each other are generated i1n parallel. Further, the
generated response sentences are output in an order accord-
ing to the order of their generation. This makes it possible to
maintain the continuity of the conversation and thereby
achieve a conversation with an unimpaired tempo.

FI1G. 2 1s a flowchart showing a process tlow of a response
generation method according to the first exemplary embodi-
ment.

The voice recognition unit 2 performs voice recognition
for voice information of a user acquired through the micro-
phone 6 (step S101) and outputs the recognized voice
information of the user to the structure analysis unit 3 and
the repetition generation unit 5.

The repetition generation unit 5 generates (1.e., repro-
duces) the voice mformation recognized by the voice rec-
ognition unit 2 as a repeat response sentence (step S102) and
outputs the generated repeat response sentence to the
response output unit 4.

The response output unit 4 outputs the repeat response
sentence, which 1s output from the repetition generation unit
5, through the speaker 7 (step S103).

In parallel with the above-described processes i (step
S5102) and (step S103), the structure analysis unit 3 analyzes
the structure of the voice information recognized by the
voice recognition unit 2 (step S104) and outputs the analysis
result of its character-string information to the response
output unit 4.

The response output unit 4 generates a free response
sentence based on the analysis result of the character-string
information output from the structure analysis unit 3 (step
S105) and outputs the generated Iree response sentence
through the speaker 7 (step S106),

As described above, 1n the first exemplary embodiment,
the recognized user’s voice 1s generated (1.e., reproduced) as
a repeat response sentence and the generated repeat response
sentence 1s output before outputting the free response sen-
tence based on the voice structure. As a result, 1t 1s possible
to output a repeat response sentence whose processing cost
1s low during the response wait time before outputting the
free response sentence which 1s generated based on the voice
structure and whose processing cost 1s high. Therefore, 1t 1s
possible to alleviate the user’s feeling that something 1s
wrong due to the long interval in the conversation caused by
the response wait.

Second Exemplary Embodiment

FIG. 3 1s a block diagram showing a schematic system
confliguration of a response generation apparatus according
to a second exemplary embodiment of the present invention.
A response generation apparatus 20 according to the second
exemplary embodiment further includes, i addition to the
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6

configuration of the response generation apparatus 1 accord-
ing to the above-described first exemplary embodiment, a
phoneme analysis unit 21 that analyzes the phoneme of
volice 1nformation of a user and a responsive-response
generation unit 22 that generates a responsive response (1.€.,
responsive sound to express understanding and/or agree-
ment, such as an “uh-huh” sound) to the voice information
ol the user.

The phoneme analysis unit 21 1s a specific example of the

phoneme analysis means, and analyzes the phoneme of
voice information of a user based on the voice information
of the user acquired through the microphone 6. For example,
the phoneme analysis unit 21 infers a break 1n user’s voice
by detecting a change in the volume level and/or the
frequency (such as the basic frequency) of the voice infor-
mation. The phoneme analysis unit 21 outputs the phoneme
analysis result to the responsive-response generation unit 22.

The responsive-response generation unit 22 1s a specific
example of the responsive-response generation means, and
generates a responsive response to the user’s voice based on
the phoneme analysis result output from the phoneme analy-
s1s unit 21. For example, the responsive-response generation
unit 22 searches a fixed-form response database 23 1n which
responsive response patterns are stored when the volume
level of the voice information 1s lowered to or below a
threshold. Then, the responsive-response generation unit 22
randomly selects a responsive response from the fixed-form
response database 23. In the fixed-form response database
23, a plurality of patterns used for responsive responses,
such as “un, un. (Yeah.)”, “naruhodo. (I see.)”, and “hoon.
(Hmm.)” are stored. The fixed-form response database 23 1s
constructed 1n the aforementioned memory or the like. The
responsive-response generation unit 22 outputs the gener-
ated responsive response to the response output unit 4.

The response output unit 4 outputs the responsive
response generated by the responsive-response generation
unmt 22 through the speaker 7 before outputting the repeat
response sentence generated by the repetition generation
unit 5.

The phoneme analysis unit 21 can detect a change 1n the
volume level 1n real time. Further, the amount of the
frequency calculation that 1s performed when the phoneme
analysis unit 21 detects a change 1n the frequency 1s smaller
than that of the pattern matching. Therefore, the processing
delay 1s smaller than that of the pattern matching. As
described above, the phoneme analysis unit 21 performs a
phoneme analysis by using a feature value whose processing
cost 1s low. Therefore, the time required for generating a
responsive response 1s shorter (e.g., about 300 msec) than
the time required for the above-described repeat response
sentence, and 1ts processing cost 1s lower than that for the
repeat response sentence.

Therefore, it 1s possible to output a responsive response
whose processing cost 1s lower than the above-described
repeat response sentence during the interval before output-
ting the above-described repeat response sentence. As a
result, connections between dialogues become smoother,
thus making it possible to alleviate the user’s feeling that
something 1s wrong even further. Further, a larger number of
responses and response sentences whose processing Costs
are different from each other are generated in parallel, and
the generated responses and response sentences are output in
an order according to the order of their generation. This
makes 1t possible to maintain the continuity of the conver-
sation more smoothly and thereby achieve a more natural
conversation with an unimpaired tempo.
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Note that the responsive-response generation unit 22
generates a responsive response 1n a fixed-form manner and
the repetition generation unit 5 generates a repeat response
sentence by just performing superficial interpretation of a
voice recognition result. Therefore, 1t 1s presumed that the
response output unit 4 generates free response candidates
similar to the responsive response generated by the respon-
sive-response generation unit 22 and the repeat response
generated by the repetition generation unit 5.

To cope with this, the response output unit 4 excludes,
from the free response candidates, those that are 1dentical to
the responsive response generated by the responsive-re-
sponse generation unit 22 or the repeat response generated
by the repetition generation unit 5. Then, the response output
unit 4 selects an optimal candidate from among the free
response candidates, which are obtained by performing the
above-described exclusion process, and uses the selected
optimal candidate as a free response sentence. In this way,
redundant wasteful phrases can be eliminated, thus making
it possible to achieve a more natural conversation.

For example, for user’s speech “kyou ha atsu1 ne (It 1s hot
today)”, the responsive-response generation unit 22 gener-
ates a responsive response “un (yeah)”. Subsequently, the
repetition generation unit 5 generates a repeat response
sentence “‘atsuir ne (It 1s hot)”. Meanwhile, the response
output unit 4 generates free response candidates such as
“1yada ne (It 1s uncomiortable)”, “itsu made atsui no kana?
(How long does the heat continue?)”, “atsu1 ne (It 1s hot)”,
and “souda ne (That’s true). The response output unit 4
excludes, from the generated free response candidates, the
phrase “atsui ne (It 1s hot)” that i1s i1dentical to the repeat
response sentence generated by the repetition generation
unit 5. Then, the response output unit 4 selects, for example,
“1tsu made atsui no kana? (How long does the heat con-
tinue?)” from among the iree response candidates, which are
obtained by performing the above-described exclusion pro-
cess, and uses the selected candidate as a free response
sentence.

An example of a conversation that i1s generated as
descried above 1s shown below. Note that 1n the below-
shown example, M represents a response sentence or a
response by the response generation apparatus 20 and U
represents user’s speech.

U: “kyou ha atsui ne. (It 1s hot today.)”

M (responsive response). “Un. (Yeah.)”

M (repeat response sentence): “Atsui ne. (It 1s hot.)”

M (free response sentence): “Itsu made atsui no kana? (How
long does the heat continue?)”

As described above, 1t 1s possible to maintain the conti-
nuity of the conversation more smoothly and eliminate
redundant wastetul phrases, thus making 1t possible to
achieve a more natural conversation.

In the response generation apparatus 20 according to the
second exemplary embodiment, the same symbols as those
in the response generation apparatus 1 according to the
above-described first exemplary embodiment are assigned to
the same components/structures as those in the response
generation apparatus 1, and their detailed explanations are
omitted.

FI1G. 4 15 a flowchart showing a process flow of a response
generation method according to the second exemplary
embodiment.

The phoneme analysis unit 21 analyzes the phoneme of
voice miformation of a user based on the voice information
of the user acquired through the microphone 6 (step S201)
and outputs the analysis result of the phoneme to the
responsive-response generation unit 22.
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The responsive-response generation unit 22 generates a
responsive response to the user’s voice based on the pho-
neme analysis result output from the phoneme analysis unit
21 (step S202) and outputs the generated responsive
response to the response output unit 4.

The response output unit 4 outputs the responsive
response, which 1s output from the responsive-response
generation unit 22, through the speaker 7 (step S203).

In parallel with the above-described processed in (step
S201) to (step S203), the voice recognition unit 2 performs
voice recognition for the voice information of the user
acquired through the microphone 6 (step S204) and outputs
the recognized voice information of the user to the structure
analysis unit 3 and the repetition generation unit 5.

The repetition generation unit 5 generates (i.e., repro-
duces) the voice imnformation recognized by the voice rec-
ognition unmit 2 as a repeat response sentence (step S205) and
outputs the generated repeat response sentence to the
response output unit 4.

The response output unit 4 outputs the repeat response
sentence, which 1s output from the repetition generation unit
5, through the speaker 7 (step S206).

In parallel with the above-described processed in (step
S205) and (step S206), the structure analysis unit 3 analyzes
the structure of the voice information recognized by the
volice recognition unit 2 (step S207) and outputs the analysis
result of 1ts character-string information to the response
output unit 4.

The response output unit 4 generates a plurality of free
response candidates based on the analysis result of the
character-string information output from the structure analy-
s1s unit 3 (step S208). The response output umt 4 excludes,
from the free response candidates, those that are 1dentical to
the responsive response generated by the responsive-re-
sponse generation unit 22 or the repeat response generated
by the repetition generation unit 5. Then, the response output
unit 4 selects an optimal candidate from among the free
response candidates, which are obtained by performing the
above-described exclusion process, and uses the selected
optimal candidate as a free response sentence (step S209).
The response output unit 4 outputs the generated {iree
response sentence through the speaker 7 (step S210).

The following 1s an example of a conversation between
the response generation apparatus 20 and a user.

M (topic raising): “Ohiru nan1 wo tabeta no? (What did you
cat for lunch?)”

U: “Tonkatsu wo tabeta yo. (I ate pork cutlet.)”

M (responsive response): “un, un. (Yeah.)”

M (repeat response sentence): “Tonkatsu wo tabeta. (I (You)
ate pork cutlet.)”

M (free response sentence): “Dare to tabeta no kana?
(Whom did you eat with?)”

U: “Tomodachi to tabeta yo. (I ate with a friend.)”

M (responsive response): “Sounanda. (Uh-huh.)”

M (repeat response sentence): “Tomodachi to tabeta. (I ate
with a friend.)”

M (ifree response sentence): “Doko de tabeta no kana?
(Where did you eat?)”

U: “Yabaton de tabeta yo. (I ate 1n Yabaton.)”

M (responsive response). “Naruhodo. (I see.)”

M (repeat response sentence): “Yabaton de tabeta. (I ate 1n
Yabaton.)”

M (Iree response sentence): “Tabeta ne. (You ate)”

U: “Ossshikatta yo. (It was delicious,)”

M (responsive response): “Hoon. (Hmm.)”

M (repeat response sentence): “Oisshi katta. (It was deli-
c10us.)”
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M (Iree response sentence): “Sore wa 11 ne, xxx san. ( That
was good, Mr./Ms. xxx.)”.

As shown 1n the above-shown conversation example, it
can be understood that when the user speaks, a responsive
response, a repeat response sentence, and a free response
sentence by the response generation apparatus 20 are con-
tinuously output at an excellent tempo 1n response to the
user’s speech, thus making connections between dialogues
smoother.

As described above, i the second exemplary embodi-
ment, the phoneme of voice mformation of a user i1s ana-
lyzed and a responsive response to the voice information of
the user 1s generated based on the analysis result. Further, the
generated responsive response 1s output before a repeat
response sentence 1s output. In this way, 1t 1s possible to
output a responsive response whose processing cost 1s lower
than a repeat response sentence during the interval before
outputting the repeat response sentence. As a result, con-
nections between dialogues become smoother, thus making,
it possible to alleviate the user’s feeling that something 1s
wrong even further.

Third Exemplary Embodiment

The repetition generation unit 5 according to a third
exemplary embodiment generates a repeat response sen-
tence by extracting a keyword from voice information of a
user recognized by the voice recognition unit 2 and adding
a specific additional word ending to the extracted keyword.

The repetition generation unit 5 generates (1.e., repro-
duces) voice information recognized by the voice recogni-
tion unit 2 as a repeat response sentence that 1s used to
perform the parroting (i.e., exact repeating of user’s voice
like a parrot). Note that by performing the parroting with a
specific word ending added to the voice information of the
user, rather than performing the parroting without changing,
the user’s voice at all, the naturalness of the conversation 1s
improved. For example, for a user’s speech “Umi n1 1tta yo
(I went to the sea), the naturalness of the conversation 1s
improved by replying to the user’s speech by outputting a
repeat response sentence “Umi ka (The sea)” rather than by
outputting a repeat response sentence “Umi ni1 1tta yo (I went
to the sea)”.

For example, additional information about correspon-
dences among a plurality of keywords, their respective parts
of speech, and additional word endings 1s stored in a
memory. The repetition generation unit 3 extracts a keyword
and 1ts part of speech from user’s voice iformation recog-
nized by the voice recognition unit 2. The repetition gen-
eration unit 3 selects an additional word ending correspond-
ing to the extracted keyword and 1ts part of speech based on
the additional information stored in the memory. The rep-
ctition generation unit 3 adds the selected additional word
ending to the extracted keyword and thereby generates a
repeat response sentence.

More specifically, the repetition generation unit 5 extracts,
from the character-string information “tonkatsu wo tabeta yo
(I ate pork cutlet)” of the voice recognized by the voice
recognition unit 2, a keyword “tonkatsu (pork cutlet)” and its
part of speech “noun”, a keyword “wo” and 1ts part of speech
“postpositional particle”, a keyword “tabeta (ate)” and 1ts
part of speech “verb”, and a keyword “yo” and 1ts part of
speech “postpositional particle”. Further, the repetition gen-
eration unit 5 selects the keyword “tonkatsu (pork cutlet)”
and the part of speech “noun” from among the extracted
keywords and their parts of speech, and selects an additional
word ending “ka” corresponding to the extracted keyword
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“tonkatsu (pork cutlet)” and 1ts part of speech “noun” based
on the additional information stored in the memory. Note
that as described above, the repetition generation unit 3
arbitrarily extracts a noun keyword or an adjective keyword
from the character-string information of the voice recog-
nized by the voice recognition unit 2, and selects an addi-
tional word ending corresponding to the extracted keyword
and 1its part of speech.

When there are a plurality of additional word endings
corresponding to the extracted keyword and its part of
speech, the repetition generation unit 5 may select one of
them according to the pre-defined priority order. Similarly,
when the repetition generation unit 5 selects, for example, a
keyword “‘yatta” and its part of speech “interjection” from
the character-string information of the voice recognized by
the voice recognition unit 2, the repetition generation unit 3
selects an additional word ending “ne” corresponding to the
selected keyword “yatta” and 1ts part of speech “interjec-
tion” based on the additional information. Note that by
extracting the part of speech 1n addition to the keyword, 1t
1s possible to differentiate the aforementioned interjection
“yatta” from a verb “yatta (done)”.

The voice recognition unit 2 may add, for character-string,
information “oishikatta™ ((it was) delicious) of the recog-
nized voice of the user, for example, 1ts non-conjugated
original tense “oishi1 ((it 1s) delicious)” and output the
character-string information with the added information to
the repetition generation unit 5. In this case, the repetition
generation unit 5 extracts a keyword “oishi1 ((it 1s) deli-
cious)” and its part of speech “adjective”. The repetition
generation unit 5 selects an additional word ending “noka”
corresponding to the keyword “o1shi1 ((it 1s) delicious)” and
its part of speech “adjective” based on the additional infor-
mation.

FIG. 5 shows an example of the additional information
stored 1n the memory. In the additional information shown
in FIG. 5, a wild card character “*” 1n the keyword column
indicates that the additional word ending can be applied to
all the keywords. Therefore, when the repetition generation
umt 5 extracts a keyword “tonkatsu (pork cutlet)” and 1its
part of speech “noun”, the repetition generation unit 3
randomly selects one of the additional word endings “ka”
and “nanda” by referring to the additional information.

As described above, the repetition generation unit 5
extracts the keyword “tonkatsu (pork cutlet)” and 1ts part of
speech “noun”. Then, the repetition generation unit S ran-
domly selects the additional word ending “ka” correspond-
ing to the keyword “tonkatsu (pork cutlet)” and 1ts part of
speech “noun” by referring to the additional information.
Finally, the repetition generation unit 5 adds the selected
additional word ending “ka” to the extracted keyword
“tonkatsu (pork cutlet)” and thereby generates a repeat
response sentence “tonkatsu ka ((it 1s) pork cutlet)”. Note
that the repetition generation unit 5 may add, for example,
the additional word ending “ka” to an expression obtained
repeating the extracted keyword twice, 1.e., an expression
“tonkatsu, tonkatsu (pork cutlet, pork cutlet)” and thereby
generates a repeat response sentence “tonkatsu, tonkatsu ka
(pork cutlet, (1t 1s) pork cutlet)”. This improves the tempo of
the conversation and thereby improves the naturalness of the
conversation.

According to the third exemplary embodiment, the rep-
ctition generation unit 3 extracts a keyword and 1ts part of
speech from voice information of a user, selects an addi-
tional word ending corresponding to the keyword and its
part of speech based on the additional information, and
generates a repeat response sentence just by adding the
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additional word ending to the keyword. Therefore, a repeat
response sentence can be generated through a simple process
and hence the processing cost can be reduced. Further, since
a variety of parroting processes can be performed for user’s
voice by adding an appropriate additional word ending to the
user’s voice according to user’s voice mformation, rather
than performing a simple parroting process, the naturalness
of the conversation can be improved even further.

From the invention thus described, 1t will be obvious that
the embodiments of the mvention may be varied 1n many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such
modifications as would be obvious to one skilled 1n the art
are mtended for inclusion within the scope of the following
claims.

Although the response output unit 4 outputs a responsive
response, which 1s generated by the responsive-response
generation unit 22, through the speaker 7 in the above-
described exemplary embodiments, the present invention 1s
not limited to such configurations. The response output unit
4 may perform an arbitrary response having a low process-
ing load based on the responsive response generated by the
responsive-response generation unit 22. For example, the
response output unit 4 may vibrate a vibration device, turn
on/ofl a lighting device, display an 1mage or the like 1n a
display device, move a hand, a foot, a head, a torso, or the
like of a robot, and so on. Further, the response output unit
4 may combine these actions as appropriate and perform
them in a combined manner.

Although the response output unit 4 outputs a repeat
response sentence, which 1s generated by the repetition
generation unit 5, through the speaker 7 in the above-
described exemplary embodiments, the present mvention 1s
not limited to such configurations. The response output unit
4 may output an arbitrary repeat response sentence having a
low processing load based on the repeat response sentence
generated by the repetition generation unit 5. For example,
the response output unit 4 may output a repeat response
sentence by displaying an image or the like in a display
device. Further, the response output unit 4 may output a
repeat response sentence by combining arbitrary output
means.

Further, in the present invention, the processes shown in
FIGS. 2 and 4, for example, can be implemented by causing
a CPU to execute a computer program.

The program can be stored in various types of non-
transitory computer readable media and thereby supplied to
computers. The non-transitory computer readable media
includes various types of tangible storage media. Examples
of the non-transitory computer readable media include a
magnetic recording medium (such as a flexible disk, a
magnetic tape, and a hard disk drive), a magneto-optic
recording medium (such as a magneto-optic disk), a CD-
ROM (Read Only Memory), a CD-R, and a CD-R/W, and a
semiconductor memory (such as a mask ROM, a PROM
(Programmable ROM), an EPROM (Erasable PROM), a
flash ROM, and a RAM (Random Access Memory)).

Further, the program can be supplied to computers by
using various types of transitory computer readable media.
Examples of the transitory computer readable media include
an electrical signal, an optical signal, and an electromagnetic
wave. The transitory computer readable media can be used
to supply programs to computer through a wire communi-
cation path such as an electrical wire and an optical fiber, or
wireless communication path.

10

15

20

25

30

35

40

45

50

55

60

65

12

What 1s claimed 1s:

1. A response generation method comprising:

a step of recognizing a voice of a user by performing
voice recognition processing based on the voice of the
user acquired though a microphone and generating
character-string information of the voice of the user;

a step of analyzing a structure of the recognized voice for
the character-string information indicating recognized
voice i1nformation of the user by using a structure
analysis unit; and

a step ol generating a {ree response sentence 1n response
to the voice of the user based on the analyzed voice
structure by using a response generation unit and
outputting the generated Iree response sentence by
using a speaker, wherein

the response generation method further comprises:

a step of generating a repeat response sentence by
extracting a keyword and 1ts part of speech from the
character-string information of the recognized voice
of the user, selecting an additional word correspond-
ing to the extracted keyword and 1ts part of speech
based on an additional information stored 1n a
memory, and adding the selected word to the
extracted keyword;

a step of analyzing a phoneme of the voice of the user
by detecting a change in a volume level or a fre-
quency of the voice of the user acquired through the
microphone to infer a break in the voice of the user;

a step of generating a responsive response to the voice
of the user based on an analysis result of the pho-
neme; and

a step of outputting the generated repeat response
sentence before outputting the generated Iree
response sentence based on the voice structure by
using the speaker, and

the generated responsive response 1s output before the
generated repeat response sentence 1s output.

2. The response generation method according to claim 1,

wherein

a plurality of response candidates for responding to the
voice of the user are generated based on the analyzed
voice structure,

among the plurality of generated response candidates, a
response candidate that i1s identical to the generated
repeat response sentence or the generated responsive
response 1s excluded, and

a response candidate selected from among the response
candidates, for which the exclusion has been per-
formed, 1s used as the free response sentence.

3. The response generation method according to claim 2,
wherein the repeat response sentence i1s generated by
extracting a keyword and 1ts part of speech from the recog-
nized voice of the user, selecting, based on additional
information about correspondences among a plurality of
keywords, their respective parts of speech and their respec-
tive additional word endings, the additional word ending
corresponding to the extracted keyword and its part of
speech, and adding the selected additional word ending to
the extracted keyword.

4. A response generation apparatus comprising:

voice recognition means for recognizing a voice ol a user
by performing voice recognition processing based on
the voice of the user acquired though a microphone and
generating character-string information of the voice of
the user;

structure analysis means for analyzing a structure of the
voice recognized by the voice recognition means for
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the character-string information indicating recognized
voice information of the user:; and
response output means for generating a free response
sentence 1n response to the voice of the user based on
the voice structure analyzed by the structure analysis
means and outputting the generated free response sen-
tence by using a speaker, wherein
the response generation apparatus further comprises:
repetition generation means for generating a repeat
response sentence by extracting a keyword and 1ts
part of speech from the character-string information
of the recognized voice of the user, selecting an
additional word corresponding to the extracted key-
word and its part of speech based on an additional

information stored 1n a memory, and adding the
selected word to the extracted keyword;
phoneme analysis means for analyzing a phoneme of
the voice of the user by detecting a change 1 a
volume level or a frequency of the voice of the user
acquired through the microphone to infer a break 1n
the voice of the user; and
responsive-response generation means for generating a
responsive response to the voice of the user based on
an analysis result of the phoneme,
the response output means outputs the repeat response
sentence generated by the repetition generation
means before outputting the generated free response
sentence based on the voice structure by using the
speaker, and
the generated responsive response 1s output before the
generated repeat response sentence 1s output.
5. A non-transitory computer readable medium storing a
response generation program for causing a computer to
execute:
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a process ol recognizing a voice of a user including
performing voice recognition processing based on the
voice of the user acquired though a microphone and
generating character-string information of the voice of
the user;

a process of analyzing a structure of the recognized voice
for the character-string information indicating recog-
nized voice information of the user by using a structure
analysis unit;

a process ol generating a free response sentence in
response to the voice of the user based on the analyzed
voice structure by using a response generation unit and
outputting the generated Iree response sentence by
using a speaker;

a process ol generating a repeat response sentence by
extracting a keyword and 1ts part of speech from the
character-string information of the recognized voice of
the user, selecting an additional word corresponding to
the extracted keyword and 1ts part of speech based on
an additional information stored 1n a memory, and
adding the selected word to the extracted keyword;

a process ol analyzing a phoneme of the voice of the user
by detecting a change 1n a volume level or a frequency
of the voice of the user acquired through the micro-
phone to 1nfer a break in the voice of the user;

a process of generating a responsive response to the voice
of the user based on an analysis result of the phoneme;
and

a process ol outputting the generated repeat response
sentence before outputting the generated free response
sentence based on the voice structure by using the
speaker,

wherein the generated responsive response 1s output
betfore the generated repeat response sentence 1s output.
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